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a b s t r a c t 
The Dual Coolant Led Lithium (DCLL) blanket is one of the concepts being investigated as candidate for 
DEMO, due to the high thermal eﬃciency provided by the ﬂowing PbLi self-cooled breeder at ≈700 °C in 
the high temperature design. Key elements are the Flow Channel Inserts (FCIs) serving as electrical and 
thermal insulators to mitigate MHD effects and to keep the He-cooled steel walls below its maximum 
allowable temperature due to corrosion. A material based on sandwiching porous SiC between dense 
SiC layers is proposed for FCIs. In this work results of theoretical calculations and an FEM model are 
presented to determine the optimum thickness of both porous core and outer dense layers to assure 
the required thermal insulation across the FCI with minimum thermal stresses, considering achievable 
properties for the porous SiC material and its fabrication possibilities. It is concluded that the porous 
core thickness must be at least 5 mm if a porous SiC with thermal conductivity around 7 W/m K is used; 
a dense coating of ≈200 μm is considered as optimum regarding the thermal stresses present in the FCI. 
© 2016 The Authors. Published by Elsevier Ltd. 
This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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2. Introduction 
One of the four European blanket concepts that are being con-
idered for its application in a future DEMO reactor is the Dual
oolant Lead Lithium (DCLL) one [1] . In the high temperature DCLL
esign, a eutectic Pb-15.7Li alloy ﬂows at a relatively high ve-
ocity ( ≈10 cm/s) through long poloidal channels, acting as self-
ooled breeder and absorbing the neutron ﬂux energy in order to
chieve the highest possible power conversion. Candidate struc-
ural materials in the DCLL blanket are focused on reduced acti-
ation ferritic/martensitic steels, with a maximum allowable creep
emperature of ≈550 °C and a maximum allowable PbLi interface
emperature of ≈470 °C due to corrosion [2–3] ; helium is used
o cool this blanket steel structure as well as the ﬁrst wall. In
he high-temperature DCLL blanket concept for DEMO, liquid PbLi
ould reach temperatures around 700 °C, providing net eﬃciencies
round 45%, i.e. considerably higher than those achieved in other
lanket designs [4] . 
In order to minimize heat losses from the volumetrically heated
iquid breeder to the helium-cooled steel walls and to decouple
lectrically the ﬂowing liquid metal (LM) from the electrically con-
ucting wall, key insulating structures called Flow Channel In-∗ Corresponding author. Tel.: + 34 943 21 28 00. 
E-mail address: cgrosales@ceit.es (C. García-Rosales). 
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352-1791/© 2016 The Authors. Published by Elsevier Ltd. This is an open access article uerts (FCIs) are needed. FCIs are supposed to be hollow poloidal
ucts with a thickness of a few mm, being loosely ﬁtted into the
M channels and containing the hot PbLi inside them. There is a
hin PbLi ﬁlled gap between the inserts and the steel structure,
llowing for different thermal expansion and irradiation induced
welling [5] . 
Silicon carbide (SiC) is a suitable candidate material for FCIs.
owever, the need for low electrical and thermal conductivity of
he FCI structure, in addition to its necessary integrity and reli-
bility against corrosion, require substantial R&D efforts in ma-
erial development and fabrication techniques of new SiC based
aterials. Firstly, different SiC/SiC composites have been proposed
s FCI structural materials [6-8] ; however, internal stresses due
o differential irradiation swelling can be a major integrity issue
or this kind of materials [9] , apart from the diﬃculty of obtain-
ng and processing them. Alternatively, a material based on sand-
iching porous SiC between dense SiC sheets produced by Chem-
cal Vapour Deposition (CVD) has been proposed, with low cost
nd ease of fabrication compared to SiC composites [3] . Speciﬁ-
ally, thermal conductivity has to be appropriately reduced to al-
ow the necessary thermal insulation between the steel structure
nd the hot PbLi inside the channel; this would result in a high
hermal gradient across a few mm thick closed channel, produc-
ng thermally derived mechanical stresses that the highly porous
iC material should withstand. Thus, some additional stressesnder the CC BY-NC-ND license ( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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u  resulting from the presence of two different materials across the
FCI’s sandwich structure will be present, so that the porous-
SiC material must have enough mechanical integrity to withstand
these thermal stresses. In order to assure FCIs structural reliability
it is necessary to determine the value of these stresses. 
The aim of the present work is to determine the value of the
thermal stresses that will be present in a SiC-sandwich structured
FCI, as well as the necessary thermal conductivity and material
thickness to assure the required thermal insulation. With that aim,
a thermomechanical analysis of FCIs is presented, using analyti-
cal calculations and FEM simulations. In parallel to the present
study, a new method for producing a porous SiC material with
the necessary low conductivities and mechanical integrity is be-
ing developed, so that the analysis results will be compared to the
achievable properties of a possible porous SiC material, in order
to project accurate designs. Finally, two possible conﬁgurations of
FCIs are proposed based on the results and the material produc-
tion possibilities. Experimental results of the porous-SiC produc-
tion method will be published in a future work. 
2. Functions and requirements of the FCI material 
Some key performance requirements have to be met by the FCI
structure: 
• Thermal insulation: As mentioned in the previous section, to
provide enough thermal insulation is one of the main func-
tions of the FCI structure, especially in the “through-thickness”
direction. This requirement arises from the fact that the PbLi-
steel interface cannot reach temperatures above ≈470 °C due to
corrosion damage, while the PbLi temperature should be up to
≈700 °C in order to ensure highest possible net eﬃciencies; the
thermal decoupling of the steel wall and the hot PbLi is re-
quired to assure blanket integrity and its eﬃciency. The com-
plete insulation that the FCI provides across its walls depends
basically on its thermal conductivity and on the wall thickness;
in the following sections, optimum values for these parameters
will be discussed. 
• Mechanical integrity: Although the FCI does not have a structural
purpose, thermally derived stresses will be present as men-
tioned above. FCI’s material must exhibit enough mechanical
strength to withstand them as well as some possible additional
stresses, as can be the ones derived from the different radiation
induced swelling of dense and porous SiC [10] , or by tempera-
ture differences within the channel due to volumetric heating
[11] . A study of the primary thermal stresses resulting from the
thermal gradient across the insulating walls will be presented
in the sections below. 
• Electrical insulation: It is necessary to electrically decouple the
hot ﬂowing PbLi and the steel structure in order to minimize
the magnetohydrodynamic (MHD) effects that would be present
in PbLi during blanket operation. They arise from the fact that
a conductive ﬂuid is moving with a considerably high veloc-
ity under the inﬂuence of the strong toroidal magnetic ﬁeld,
originating Lorentz forces which disturb the ﬂow proﬁle. Some
of the MHD phenomena that may arise during the operation
are PbLi pressure drop, the formation of high-velocity near-wall
jets or a modiﬁcation of the ﬂow properties through turbulence
transitions and mixed convection effects [12-13] . A study of the
electrical conductivity of the FCI material will not be addressed
in this work, but to determine the optimum value to reduce
these phenomena is essential for a correct FCI performance.
An electrical conductivity of < 20 S/m seems to be enough to
provide a good insulation [14] . However, lower electrical con-
ductivities could generate considerable temperature differences
between the walls of FCIs which are parallel to the magneticﬁeld and the perpendicular ones; this situation will result in
additional thermal stresses, according to [11] . Further studies
including the possible value of these stresses as well as more
design optimizations are needed. 
• Reliable sealing of all FCI’s surfaces, including hot PbLi corrosion
effects: The FCIs will be in contact with ﬂowing hot PbLi over
the whole operation time (3–5 years [5] ). Thus, laboratory tests
on SiC-sandwich materials have to be performed in order to as-
sess the capability of the dense CVD-SiC layer to prevent failure
by corrosion. Corrosion tests under static PbLi at temperatures
of 70 0–80 0 °C and under ﬂowing PbLi at 550 °C in presence of
a 1.8 T magnetic ﬁeld will be performed on the SiC sandwich
material that is being produced at Ceit, whose results will be
published in future works. 
. Problem formulation and results 
.1. Material concept 
The FCI material concept proposed in this work is based on
he SiC-sandwich model. The core is made of a porous SiC mate-
ial which has to exhibit the required low electrical and thermal
onductivity in order to fulﬁl the requirements discussed above,
s well as suﬃcient mechanical strength. As mentioned before,
 method to produce porous SiC with the desired porosity and
trength is being developed at Ceit; in this method, thermal and
lectrical conductivity will be tailored by controlling porosity, aim-
ng at obtaining an acceptable mechanical strength by disposing
orosity following a honeycomb structure. Porosity will be in-
roduced using the sacriﬁcial template technique. Subsequently, a
ense CVD-SiC layer will be deposited, with the required thickness
o provide a reliable porous core sealing but without obstructing
he insulation requirements, since CVD-SiC has relatively high ther-
al and electrical conductivities. Furthermore, the elastic modu-
us of CVD-SiC is an order of magnitude higher than the one of
orous SiC. Thus, important mechanical stresses may be present in
he dense sheet; the value of this maximum stresses depends on
he thickness of the dense layer and on the thermal conductivity
f the porous core. Therefore, these design parameters have to be
xed allowing the FCI to fulﬁl its required functions while main-
aining the maximum ﬂexural stresses on the dense layer below
he allowable CVD-SiC limit. 
.2. Thermal analysis 
.2.1. Calculation model 
The maximum temperature of the RAFM steel structure is close
o 470 °C, while the liquid PbLi inside the channel is reaching a
emperature near 700 °C. Thereby, it is necessary to ensure a min-
mum insulation of ≈230 °C across the FCI walls. 
The insulating character of a FCI sandwich material depends
ainly on the porous-SiC core characteristics: its thickness and
hermal conductivity. To study the dependency of the FCI’s walls
nsulation on these parameters, a 1D heat transfer problem has
een considered, by modelling the heat ﬂow along the radial di-
ection of the channel. The dense CVD-SiC coating has not been
aken into account since its thickness is much smaller and its ther-
al conductivity much higher than those of the porous SiC core,
hus practically not contributing to the insulating properties of the
CI. A sketch of the problem statement is shown in Fig. 1 , where
eat ﬂows from the hot PbLi through the FCI to the 300 °C helium
1,6] that is cooling the RAFM structure. It is assumed, as calcula-
ion hypothesis, that the temperature of the inner wall of the FCI
T1) remains equal to the LM average temperature, i.e. 700 °C (due
o the lack of correlations for the heat transfer coeﬃcient of PbLi
nder a high magnetic ﬁeld, the worst scenario has been assumed).
C. Soto et al. / Nuclear Materials and Energy 7 (2016) 5–11 7 
Table 1 
Properties and parameters used in the thermal model [16] . 
Porous SiC PbLi gap Steel Helium 
Thermal conductivity (W/mK) Symbol k p k PbLi k s –
Value 0–15 16 30 –
Film coeﬃcient (W/m 2 K) Symbol – – – h 
Value – – – 40 0 0 
Thickness (mm) Symbol σ α δ –
Value 3–7 2 5 –
Fig. 1. 1D model of the FCI’s heat ﬂow situation. 
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Fig. 2. Temperature variation across the FCI as a function of thermal conductivity of 
the porous SiC core for different core thicknesses. The shaded region is not allowed 
for the FCI design as not enough thermal insulation is provided in this region. 
Fig. 3. Relationship between allowable thermal conductivity of porous SiC at 700 °C 
and the required minimum thickness of the porous SiC core to assure a 230 °C 
insulation. 
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i  ikewise, it is also assumed that the PbLi in the gap between the
hannel and the structure remains stationary [15] , although possi-
le MHD and convection effects both in the gap and in the PbLi
ulk should be considered in future calculations, since they could
isturb the heat transfer phenomena, the temperature ﬁeld, and,
ence, the thermal stresses. Lastly, it has been assumed that the
emperature drop across the thin dense SiC layers that coat the
orous core is negligible. Therefore, the heat transfer equations re-
ulting from the combined conduction and convection mechanisms
re given by 
k p 
σ
+ k PbLi 
α
)
T 2 −
(
k PbLi 
α
)
T 3 −
k p 
σ
T 1 = 0 (1) 
k PbLi 
α
)
T 2 −
(
k PbLi 
α
+ k s 
δ
)
T 3 + 
(
k s 
δ
)
T 4 = 0 (2) 
k s 
δ
)
T 3 −
(
k s 
δ
+ h 
)
T 4 + h T 5 = 0 (3) 
here k p , k PbLi and k s are the thermal conductivities at 700 °C of
orous SiC, PbLi and the steel structure, respectively, h the He heat
ransfer coeﬃcient and σ , α and δ the respective thicknesses of
orous SiC, PbLi gap and steel wall, as explained in Table 1 . T 1 , T 2 ,
 3 , T 4 , and T 5 are the temperatures at each interface, as shown in
ig. 1 . Note that the unknown magnitudes in the system of three
quations are T 2 , T 3 and T 4 . 
.2.2. Results 
The solution of Eqs. (1 )–( 3 ) using different values of thickness
from 3 to 7 mm) and thermal conductivity of the porous SiC core
t 700 °C results in the correlations shown in Fig. 2: 
An inverse dependency of the total temperature variation across
CI with the thermal conductivity of the porous SiC material is ob-
erved, reaching ideal insulation at zero thermal conductivity. Inddition, as expected, the thermal insulation of the FCI increases
ith increasing porous core thickness. In the FCI design the thick-
ess of the porous SiC core should be increased when its thermal
onductivity increases in order to fulﬁl the thermal insulation re-
uirement of 230 °C across the FCI wall. Thus, conﬁgurations corre-
ponding to the grey shaded region in Fig. 2 should not be allowed
n the FCI design, since they do not provide enough insulation. 
Fig. 3 shows the relationship between thermal conductivity and
he minimum porous SiC core thickness required to assure the in-
ulation requirement, in the range of thicknesses studied. A value
f 5 W/mK can be considered a reasonably low conductivity value
or the porous-SiC core at 700 °C. In our porous SiC production
ethod, this conductivity is tailored by the porosity while the ma-
erial has to retain enough mechanical strength to withstand ther-
al stresses; with this thermal conductivity value, the designed
CI thickness should be at least about 3.8 mm. If the porous SiC
ore would have a higher thermal conductivity, the blanket design
hould allow for a higher thickness of the FCI’s walls, thus displac-
ng PbLi from the breeding region. This situation would result in a
8 C. Soto et al. / Nuclear Materials and Energy 7 (2016) 5–11 
Fig. 4. 2D FEM model geometry used in the mechanical analysis, with a 20 ×20 cm 2 
hollow SiC-sandwich FCI ﬁlled inside the liquid PbLi. 
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a  decrease in eﬃciency by reducing the tritium breeding ratio (TBR).
For this reason, the FCI’s walls should have a thickness as reduced
as possible, and these aspects have to be taken into account in a
detailed design of a DCLL blanket. 
3.3. Stress analysis 
3.3.1. Calculation model 
The presence of a strong thermal gradient across the closed hol-
low FCI channel causes mechanical stresses, because the structure
is unable to expand freely due to geometrical constraints in the
neighbourhood of the corners, even in the case that it is loose in-
side the PbLi. Furthermore, the use of a sandwich structure with
two different materials gives raise to additional stresses, as the
porous SiC of the core and the dense CVD-SiC coatings have dif-
ferent mechanical properties. To determine the value of these pri-
mary thermal stresses, an FEM model has been implemented using
the Abaqus software. A 2D FCI model with the structure shown in
Fig. 4 has been studied; the problem representation in Abaqus, in-
cluding the meshing used in FEM calculations, are shown in Fig. 5 .
The differences between the analytical heat transfer calculationsFig. 5. Section and meshing of the FCI model, where 4-node quadrilateral nd those obtained by FEM are negligible. The porous SiC thickness
as been kept at a constant value of 5 mm while the FCI outer ra-
ius, dense layers thicknesses or the porous SiC conductivity have
een varied, in order to determine the dependence of the result-
ng stresses on the model parameters. The PbLi gap between the
CI and the steel structure is 2 mm, and the steel wall thickness is
 mm. The materials properties used in the calculations are shown
n Table 2. 
.3.2. Results 
The stresses present in the FCI structure derive from its temper-
ture ﬁeld and depend on several design parameters, namely, the
hickness of the dense CVD-SiC coating covering the porous core,
he thermal conductivity of this core and the channel geometry. To
tudy the dependence of the stresses on these parameters, a bat-
ery of calculations has been carried out: the dense layer thickness
as been varied from100 μm to 1 mm, and the thermal conduc-
ivity of porous SiC has been changed from 2 W/mK to 15 W/mK.
o study the inﬂuence of the channel shape three different FCI
eometries, with different FCI outer radius (10 mm, 20 mm and
0 mm, in a 20 ×20 cm 2 hollow channel) have been modelled. In
ll cases, the thickness of the porous SiC core has been kept con-
tant at 5 mm, since the stresses do not vary signiﬁcantly with this
arameter in the range considered for this value. 
Results of the analysis described above are shown in Fig. 6 ,
here stresses correspond to the maximum principal stresses
resent in the FCI in each case, if the intermediate geometry (and
uter radius of 20 mm) is used and in a plane strain analysis. As
an be seen in Fig. 7 , which shows the FEM results of one par-
icular case as an example, maximum stresses are supported by
he outer dense SiC material, due to the higher elastic modulus
f dense SiC compared to that of the porous one, and due to the
hannel’s shape. 
The results indicate that the maximum stresses increase with
ncreasing thickness of the dense layer, especially for thin thick-
esses. The stresses also increase with decreasing thermal conduc-
ivity of the porous core, so that a minimum allowable conductiv-
ty value for the porous SiC core would be obtained if the stresses
xceed the mechanical strength of the dense SiC. If a value of
50 MPa is considered as conservative enough for the CVD-SiC ﬂex-
ral strength at 700 °C (even though values above 500 MPa have
een found in literature [17] ), thermal conductivities of porous SiC
nd dense layer thicknesses corresponding to the shaded regions inelements with linear interpolation and reduced integration are used. 
C. Soto et al. / Nuclear Materials and Energy 7 (2016) 5–11 9 
Table 2 
Material properties at 700 °C. 
Dense SiC [3] Porous SiC [3] Steel [16] PbLi [16] Helium [16] 
k (W/mK) 48 2-15 30 16 –
E (GPa) 412 11 200 – –
α (1/K) 4.98E −6 4.5E −6 1E −5 – –
ν 0.21 0.21 0.3 – –
h (W/m 2 K) – – – – 40 0 0 
Fig. 6. Maximum principal stresses present in the dense CVD-SiC outer coating, as 
a function of the thermal conductivity of the sandwich core for various thicknesses 
of the CVD-SiC layer, when the outer radius of the channel corner is 20 mm in a 
20 ×20 cm 2 cylinder. The shaded region is not allowed for FCI design as it is above 
the 350 MPa stress value considered for the CVD-SiC ﬂexural strength. 
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Fig. 8. Maximum principal stresses present in the porous-SiC core, as a function of 
its thermal conductivity for various thicknesses of the dense layer. 
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wig. 6 would not be allowed in a SiC sandwich FCI design because
hey would exceed the maximum stress limit. Regarding the inﬂu-
nce of channel geometry, the maximum stresses can be slightly
educed by rounding the FCI’s shape, particularly if thick dense
oatings are chosen. For instance, the maximum stresses vary from
94 MPa to 377 MPa if the outer radius varies from 10 to 30 mm,
ssuming a thickness of the dense layer of 200 μm. If this thick-
ess increases up to 1 mm, the stress varies from 502 to 427 MPa
or radii of 10 and 30 mm, respectively. 
The maximum principal stresses supported by the porous SiC
ore in each case are shown in Fig. 8 . These stresses are much
ower than those supported by the dense coating, and the most
ritical zone is the one located near the two materials interface.
tress values are almost the same in this case regardless of theig. 7. Example of the principal stress distribution (in Pa) in a FCI sandwich of 20 ×20 cm
ith a thermal conductivity of 5 W/mK. hannel geometries studied; the values corresponding to a chan-
el with the same geometry as that used in Fig. 6 are shown. It
an be seen that the stresses increase with increasing dense coat-
ng thickness for thin values, reaching a similar value for thickness
bove 500 μm. A highly porous SiC material with enough ﬂexu-
al strength of at least around 20–30 MPa has to be developed, in
rder to assure the integrity of the material core during the oper-
tion time. 
. Proposed designs 
According to the results described in the previous section, two
ossible FCI conﬁgurations are proposed. 
.1. Single FCI 
If a standard single FCI design is considered, namely a FCI con-
isting of a unique square hollow body like the one in the previous 
2 and with an outer radius of 10 mm, with a dense layer of 1 mm thick, and a core 
10 C. Soto et al. / Nuclear Materials and Energy 7 (2016) 5–11 
Fig. 9. Parameters proposed for a single FCI made of a sandwich material. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Nested FCI. 
Fig. 11. Parameters proposed for a nested FCI formed by a SiC-sandwich material. 
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eanalysis, and if a SiC-sandwich material concept is used to form it,
a conﬁguration according to the parameters shown in Fig. 9 is pro-
posed. The thickness of the porous-SiC core can be ﬁxed at around
5 mm: with this thickness and the use of a material with thermal
conductivity below but not far from 7 W/mK, a 230 °C insulation
across the FCI wall would be assured. Even though a deﬁnitive high
temperature DCLL blanket design does not exist at present, the use
of a FCI with such a thickness seems to be compatible with other
works and proposals [14, 2, 6] , and to develop a reliable porous
SiC material with that thermal conductivity seems to be achiev-
able, although more work has to be done in this respect. In addi-
tion, it seems realistic that a FCI with such a thickness will provide
the required electrical insulation to minimize MHD effects [9] al-
though tests must be performed in order to elucidate whether the
electrical conductivity of the material is suﬃciently low. Regard-
ing the dense CVD-SiC layers covering the porous core, a thickness
of ≈200 μm is suggested: using a porous core with thermal con-
ductivity of 6.5 W/mK, the maximum stresses present in the dense
CVD-SiC layer are around 260 MPa in a 20 ×20 cm 2 channel with
a 20 mm outer radius, which are well below the considered CVD-
SiC ﬂexural strength of 350 MPa at 700 °C . With this conﬁgura-
tion, the porous SiC material should be able to withstand stresses
up to ≈11.5 MPa. Thus, the highly porous SiC material to be de-
veloped must have enough strength to withstand this stress value,
and the interface between the two materials has to be as perfect as
possible, exhibiting enough adhesion strength to prevent cracking
trough this interface. Concerning the corrosion requirement, labo-
ratory tests under realistic conditions have to be conducted to ver-
ify if a 200 μm dense layer is able to offer a reliable protection
against corrosion, cracking and PbLi penetration during the opera-
tion time. 
With this material conﬁguration, the minimum total thickness
of the FCI walls is ≈5.5 mm. Some mm of extra porous core thick-
ness could be added if the blanket design allows it, resulting in an
additional thermal insulation without stress increase. Channel size
will be ﬁxed in the blanket design, since it is determined by the
required hot PbLi volume; this condition will determine the outer
radius of the channel too, since it should be as high as permitted
by that condition in order to reduce stresses. 
4.2. Nested FCI 
The maximum stresses present in the CVD-SiC layer of the pre-
vious conﬁguration are still high, and microcracking or other dam-
age mechanisms acting at the outer dense layer might lead to fail-
ure of the porous core and FCI’s integrity. With the aim of reducing
stresses, Smolentsev et al. proposed a new design called nested
FCI [18] ; it consists in adding four square plates surrounding the
closed hollow channel, as shown in Fig. 10 . The central channel
(FCI 1) keeps containing the hot PbLi, and the square plates (FCI) are placed in the “cold” PbLi between the channel and the steel
tructure. In this conﬁguration, the closed channel would be shar-
ng the thermal insulation with the free plates; therefore, thermal
tresses present in the hollow body would be reduced, since the
nsulating plates would not be stressed as they can expand freely.
CI 1 would provide most of the electric insulation. Based on this
oncept and on the analysis made in the previous section, the pa-
ameters for a possible nested FCI design are shown in Fig. 11 . The
otal thermal insulation in this conﬁguration is the same as the one
f the single FCI design proposed, since the total thickness of the
nsulating material is the same in both cases. However, the max-
mum stresses at the FCI 1 outer dense layer would be reduced to
130 MPa, i.e., half the value in the previous case (if it is assumed
hat the PbLi in both gaps remains static and the same material
roperties are used). This situation would reduce the mechanical
equirements of the structure in a signiﬁcant way, making the FCI
ore reliable. Nevertheless, it requires producing thin plates and
 thin hollow body of porous SiC, which represent a signiﬁcant
hallenge. Also, more space in the blanket design is required to
ccommodate the additional gap and dense layers: if as in the
ingle FCI design a 200 μm dense layer is considered, the complete
ested FCI wall would have a thickness of about 7 mm (assuming
hat the PbLi gap between FCI 1 and 2 is ≈1 mm). This would re-
uce the space for allocating the hot PbLi, then resulting in loss of
ﬃciency. 
C. Soto et al. / Nuclear Materials and Energy 7 (2016) 5–11 11 
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[. Conclusions 
From the thermomechanical modelling presented in this work,
he following conclusions can be drawn if a SiC-sandwich material
s used for FCIs: 
• To provide the required thermal insulation of 230 °C across the
FCI walls, it is necessary to assure that the insulating porous
SiC core has a suﬃciently low thermal conductivity and enough
thickness. A core of at least 5 mm is proposed if its thermal
conductivity is around 7 W/mK, being necessary to increase this
thickness for a higher thermal conductivity of the porous SiC. 
• To determine the optimum thickness of the dense CVD-SiC
coating it is necessary to consider its dependency on the ther-
mal stresses present in the FCI, whose maximum value in-
creases with increasing CVD-SiC coating thickness. The stress
values also depend on the thermal conductivity of the porous
SiC, increasing when the thermal conductivity decreases. These
maximum thermal stresses are supported by the CVD-SiC layer,
and it has to be ensured that they are below a safety thresh-
old to avoid damage and microcracking. With the geometry of
the single FCI design used in this work and if the thermal con-
ductivity of the porous core is around 7 W/mK and a dense
coating of 200 μm is chosen, the maximum principal stresses
present in the channel are around 260 MPa, a value well below
the CVD-SiC ﬂexural strength at 700 °C. 
• An important reduction of the stresses can be achieved by con-
sidering a nested FCI design, consisting of a hollow channel sur-
rounded by four square plates. However, this option requires
producing pieces of porous SiC with a thickness of few mm,
which may represent a signiﬁcant fabrication challenge. 
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